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ABSTRACT 
 
MAUREEN MCCLUNG: Variation in the vocalizations of tamarins (Saguinus)  
in Amazonian Peru. 
(Under the direction of R. Haven Wiley) 
 
 
Tamarins (Saguinus) are a diverse genus of Amazonian primates with distributions that often 
coincide with rivers.  This distributional pattern might be explained by the riverine barrier 
hypothesis, which suggests that rivers reduce gene flow by limiting dispersal.  I investigated 
the differences in vocalizations among populations of Saguinus separated by rivers of 
different widths.   I recorded alarm calls and long calls of four populations of Saguinus in 
three river compartments of northeastern Peru.  ANOVAs and hierarchical clustering of call 
parameters showed that differences between populations did not reflect patterns expected by 
the riverine barrier hypothesis.  Instead, differences among long calls reflected a recent 
phylogeny.  Alarm calls diverged in sympatric populations, contrary to patterns of 
convergent evolution of alarm calls in other coexisting animals.  Perhaps alarm calls are 
more important for the coordination of conspecific groups than previously thought.  
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CHAPTER I 
 
INTRODUCTION 
 
 
The diversity of primates in Amazonia is high, particularly within the family 
Callitrichidae (Hershkovitz 1977, Eisenberg and Redford 1999).  Although the higher 
taxonomy of this family is controversial, most systematists agree that this group comprises 
five genera: Callithrix, Cebuella, Saguinus, Leontopithecus, and Callimico (see Schneider 
and Rosenberger 1996).   Species diversity within these genera is also high, particularly 
within Saguinus (tamarins), which has twelve species.  One of these species, Saguinus 
fuscicollis, has thirteen subspecies (Mittermeier et al. 1988 in Rylands et al. 1993).  
Many Amazonian primates have distributions limited by rivers (Hershkovitz 1968, 
1977).  The saddleback tamarins (Saguinus fuscicollis) provide a striking example of this 
pattern, in which rivers often separate the distribution of subspecies (Figure 1).  Some river 
compartments have only one species of Saguinus, but others have two species, which differ 
in size.  Other animals in Amazonia fit this pattern (birds, Capparella 1988, 1991), but some 
do not (rodents, Patton et al. 1994; frogs, Loughheed et al. 1999).   
Hypotheses to explain this distributional pattern include variations of allopatric 
speciation (for a review, see Haffer 1997).  Haffer (1969) proposed that during the 
Pleistocene, forest refugia allowed fragmented populations of Neotropical birds to diverge in 
isolation and then to expand their ranges after forests spread again.  Capparella (1988, 1991) 
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suggested that the formation of large Amazonian rivers fragmented populations of birds, 
which subsequently differentiated.  Another possibility includes isolation by marine 
incursion during the Tertiary (Räsänen et al. 1995, Mortiz et al. 2000).  These hypotheses 
have been examined for a number of taxa (birds, Haffer 1969, Capparella 1988, Hayes and 
Sewlal 2004; lizards, Vanzolini and Williams 1970; butterflies, Brown et al. 1974; rodents, 
Patton et al. 1994; frogs, Loughheed et al. 1999), including primates (Ayres and Clutton-
Brock 1992; Peres et al. 1996). 
Vocalizations provide an opportunity for investigating the differences in primate 
populations across river boundaries.  There is some evidence for vocal learning in primates 
(pygmy marmosets (Cebuella pygmaea, Elowson and Snowdon 1994; chimpanzees (Pan 
troglodytes), Marshall et al. 1999; tufted-ear marmosets (Callithrix kuhlii), Rukstalis et al. 
2003), but most differences in vocalizations probably reflect genetic differences.  Snowdon 
(1993) used parameters of vocalizations to create a phylogeny for callitrichids that paralleled 
phylogenies created with morphological features.  Only one study has investigated variation 
in the vocalizations of populations of Saguinus separated by rivers (Hodun et al. 1981).  In 
this case there were significant differences between subspecies of S. fuscicollis on opposite 
banks of the Ríos Tapiche and Ucayali. 
This study describes the variation in vocalizations of four populations of Saguinus in 
three different river compartments in Amazonian Peru.  North of the Río Amazonas, I 
studied allopatric populations of S. nigricollis nigricollis and S. fuscicollis lagonotus 
separated by the Río Napo, which is approximately half as wide as the Amazonas.  South of 
the Amazonas, I studied sympatric populations of S. fuscicollis nigrifrons and S. mystax 
mystax.   These study sites allowed for a comparison between populations of species and 
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subspecies, populations separated by rivers of different sizes, and conspecific populations 
that either lived alone or in sympatry with another species of tamarin. 
Three hypotheses could explain the differences in vocalizations between tamarin 
populations.  First, differences might reflect phylogeny. Cropp et al. (1999) created a 
molecular phylogeny for Saguinus that indicated the two S. fuscicollis subspecies were more 
similar to each other than to any other subspecies of fuscicollis.  S. n. nigricollis was in the 
same clade as S. fuscicollis species and other species with small sizes.  S. m. mystax was in a 
sister clade of larger species.  If phylogeny explains differences in vocalizations, 
relationships then should resemble the phylogeny by Cropp et al. (1999) (Figure 2). 
If river barriers promote divergence by limiting gene flow between populations, we 
might expect populations across smaller rivers to be more similar to each other than are 
populations across larger rivers.  Ayres and Clutton-Brock’s (1992) study of primate 
distributions showed that species boundaries more often coincided with larger rivers than 
smaller rivers.  Thus, we would expect populations of the small-bodied clade across the Río 
Napo to have more similar vocalizations to each other than to the populations of the same 
clade across the Río Amazonas. 
 
 
 
 
 
CHAPTER II 
 
METHODS 
 
 
This study was conducted 8 May to 15 June 2005 at three locations in the northeastern 
department of Loreto, Peru (Figure 3).  The Amazon Conservatory for Tropical Studies 
(ACTS) (3º24’S, 72º91’W), located on Río Sucusari, east of Río Napo and north of Río 
Amazonas, is in the range of one species of tamarin, the black-mantled tamarin (Saguinus 
nigricollis nigricollis).  Explorama’s Ceiba Tops Lodge (3º30’S, 73º04’W), on the north 
bank of Río Amazonas and west of the Río Napo, is in the range of the red-mantled tamarin 
(S. fuscicollis lagonotus).  Madre Selva II field station (3º37’S, 72º14W), operated by Project 
Amazonas and located on the Río Orosa south of Río Amazonas, hosts two sympatric 
species of tamarins, Geoffrey’s saddleback tamarin (S. fuscicollis nigrifrons) and the black-
moustached tamarin (S. mystax mystax).  These three sites all provide access to a mixture of 
primary and secondary lowland rainforest including seasonally flooded forest (varzea) and 
upland forest (terra firma).  Annual rainfall averages more than 3000 mm, with the greatest 
rainfall in April on average (300 mm) and the least in August (175 mm) (SENAMHI 2005).   
Recordings were taken over 20 days at ACTS (3 hr 41 min of vocalizations), 5 days at 
Ceiba Tops (2 hr 7 min), and 14 days at Madre Selva (3 hr 40 min).  Contact with tamarin 
groups occurred from 0630 to 1430 with encounters lasting anywhere from a minute to 45 
minutes.  Animals were not habituated, so contact often included alarm calls.  During 
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contact, tamarins engaged in locomoting, foraging, grooming, and sometimes sleeping.  All 
of the populations appeared to fit the pattern for small family groups of three to ten animals 
(Terborgh 1983, Goldizen et al. 1996).  Although tamarins were observed on the ground, all 
recordings were taken when the animals were in the subcanopy between 3-20 m high and 3-
20 m away.  
Vocalizations were recorded with an Edirol R-1 digital recorder (24 bit at 44.1 kHz) and 
an Audiotechnica 800 series directional microphone.  Recordings targeted one tamarin at a 
time, however sometimes multiple individuals called simultaneously.  Visual localization of 
calling individuals and corresponding audio notes allowed me to separate recordings of 
different individuals later in the lab.  At ACTS, two groups of tamarins were identified based 
on their locations.  Tamarins are highly territorial and engage in vocal interactions with 
neighboring groups at their boundaries (Terborgh 1983).  Such disputes were observed on 
two occasions, which confirmed territorial boundaries and allowed the differentiation of 
groups based on location. 
Though a variety of vocalizations were recorded, two major categories of loud calls were 
produced frequently by all four species.  The first category included long calls, which 
tamarins use in long-distance communication for maintaining group cohesion and identity 
(Cleveland and Snowdon 1980, Hodun et al. 1981).  Long calls consisted of 0-3 introductory 
notes followed by long notes (Figure 4).   The second category of vocalizations included 
alarm complexes, which were produced when the tamarins sighted the observer on the 
ground.  Like other primates, Saguinus produce alarm calls specific to aerial or terrestrial 
predators and respond differentially to these calls (Kirchhof and Hammerschmidt 2006).   
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All alarm complexes analyzed here were terrestrial alarms.  They consisted of 2-4 
components (chirps, trills, whines, and warbles) that varied in sequence (Figure 5). 
I examined spectrograms of all recordings with Wildspectra software (Wiley and Wiley, 
2005).  Because it was not possible to identify individuals across contact periods, to avoid 
analyzing vocalizations from the same individual over a short period of time, I selected 
vocalizations that were recorded at least 500 m, 2 hrs, or 1 day apart.  Within each of these 
bouts of recording, I used a table of random numbers to select 1-2 long calls and 3 alarm 
complexes for measurement (Table 1).  I measured 4 overall parameters for each call and 7-
12 parameters on each note within the call (Table 2). Since long call notes were similar 
throughout the entire call, measures for notes were averaged for each call.  The overall 
measures for alarm complexes included the sequence of components. 
I compared the parameters of long calls and alarm complexes separately with ANOVAs 
with the calls of individuals nested within species.  Outliers that were more than three 
standard deviations from the mean were removed and skewed distributions were log 
transformed to obtain normal distributions (Table 2).  ANOVAs were calculated with JMP 
5.1 (SAS Institute, Inc., 2003) using a random effects model and the traditional method for 
calculating expected mean squares.  If the effect of species was significant, the Tukey-
Kramer HSD method for pairwise comparisons determined which populations differed.   
To compare the sequences of components in alarm complexes, I examined the first two 
components.  The alarm complexes always started with either a chirp or a trill, which was 
followed by either a whine or a warble.  Subsequent components always alternated whines 
and warbles, so the analysis was restricted to the first two components.  I used separate one-
way ANOVAs to compare the proportion of calls with a chirp for the first component and 
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those with a whine as the second component.  Separate ANOVAs were appropriate since 
log-linear analysis showed that there was no interaction between the proportions of first and 
second components (G2 = 1.68, df = 1, p = 0.10).  Proportions were arcsine transformed 
before calculating the ANOVA.  If effect of species was significant, the Tukey-Kramer HSD 
method for pairwise comparisons was used to determine which populations were different. 
Separate hierarchical cluster analyses grouped individuals, species, and species with 
social groups at ACTS.  I calculated separate analyses for long calls and alarm complexes.   
All parameters that had significant differences among species from nested ANOVAs were 
used as variables for clustering, with the exception that nested, and thus not independent, 
temporal parameters were excluded.  These analyses used Ward’s minimum variance method 
in which the distance between two clusters is the sum of squares between the two clusters 
summed over all the variables (Sall et al.  2005).  After the removal of outliers, this method 
provided the clearest groupings.  
  
 
CHAPTER III 
 
RESULTS 
 
Long Calls 
The four populations of tamarins produced long calls that included 0-3 introductory 
notes and 2-32 long notes (Figure 6).  Within calls, introductory notes were not consistent in 
shape, but long notes always contained a constant frequency portion (CF) and a frequency-
modulated portion (FM).  Means for the end frequency of the FM portion and the difference 
in frequency for the FM1 measurement did not differ significantly among populations (Table 
3).  All other parameters of long calls differed significantly at the p = 0.01 level, except for 
the duration of calls and the end frequency of the CF portion, which differed at the p = 0.05 
level (Table 3). 
The patterns of variation in long calls were complex, but there were some notable 
differences.  S. nigricollis nigricollis used more introductory notes than other populations, 
while S. mystax mystax used more than twice as many long notes as any other population 
(Figure 7).  S. fuscicollis lagonotus and S. m. mystax had longer call durations than S. 
fuscicollis nigrifrons (Figure 8).  S. m. mystax also had a higher pulse rate of notes than the 
other populations (Figure 9).   For durations of notes and note components, S. n. nigricollis 
always had longer durations, S. m. mystax always had shorter durations, and both S. 
fuscicollis subspecies had intermediate durations (Figure 10). 
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S. n. nigricollis typically had higher means for frequency measures than other 
populations, except with the start frequency of the CF portion in which S. f. nigrifrons had 
the highest mean (Figure 11).  This relationship was also reflected in the measures for 
differences in frequency (Figure 12).  S. n. nigricollis and S. m. mystax increased in 
frequency over the CF portion, but both the S. fuscicollis subspecies decreased.  For the FM2 
difference in frequency, S. n. nigricollis had the largest downward sweep in frequency and S. 
m. mystax had the smallest downward sweep.  The two S. fuscicollis subspecies were again 
similar and intermediate in the difference in frequency for the FM2 measurement.   The only 
population with an increase in start frequency of each note within a call was S. m. mystax. 
 
Alarm Complexes 
Tamarin populations used various combinations of alarm call components (Figure 13).  
Alarm complexes always began with either a chirp or a trill followed by a sequence of 
whines and/or warbles.  Durations and minimum frequencies for chirp/trill and warble 
components of alarm complexes were not significantly different (Table 4).    All other alarm 
complex measures differed significantly among populations at the p = 0.01 level, except for 
the maximum frequencies of whine components, which differed at the p = 0.05 level  
(Table 4). 
There were complex patterns of variation among alarm calls, but some were more 
notable than others.  S. f. lagonotus and S. m. mystax used more components than the other 
populations (Figure 14).  In the first component of alarm calls, S. n. nigricollis used chirps 
less, and thus trills more, than other populations, while S. m. mystax used chirps more 
(Figure 14).  The two S. fuscicollis subspecies used intermediate levels of chirps.  S. f. 
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nigrifrons was the only population that used warbles as the second component of alarm 
complexes (Figure 15).   S. f. nigrifrons also had a significantly shorter call duration than 
other populations (Figure 16), even though there were no significant differences among the 
duration of individual components (Figure 17).   
S. m. mystax had a higher mean maximal frequency for the chirp/trill component than S. 
n. nigricollis (Figure 18).  Mean maximal frequencies of whines and warbles were higher for 
S. f. nigrifrons than for the other populations.   The mean minimal frequencies of all 
components for S. f. lagonotus were lower than other populations (Figure 19).   
S. n. nigricollis used more chirp/trill notes in the first component than S. m. mystax, and 
both S. fuscicollis subspecies used intermediate numbers of notes (Figure 20).  S. m. mystax 
used significantly more whines and S. f. nigrifrons used fewer whines than the other 
populations.  S. f. nigrifrons used more than twice the number of warbles as the other 
populations. 
 
Hierarchical Cluster Analyses 
Clustering of individual means for 10 parameters of long calls yielded four basal clusters 
that were relatively homogeneous in species composition.  However there was some overlap 
of individual and species variation, particularly for the small-bodied clade (Figure 21).  
Clustering of individual means for 13 parameters of alarm complexes produced 
homogeneous clusters for S. n. nigricollis and the S. f. fuscicollis subspecies (Figure 22).  
However, eight individuals from these three populations were also found in the 
heterogeneous cluster containing all the S. m. mystax individuals. 
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When long call parameters were averaged for species, the two S. fuscicollis subspecies 
were the most similar, and S. n. nigricollis was the most divergent from the other 
populations (Figure 23a).  When alarm call parameters were averaged for species, S. n. 
nigricollis and S. m. mystax were the most similar, and S. f. nigrifrons was the most 
divergent from all populations (Figure 23b). 
For the cluster analysis that included separate social groups at ACTS, the two groups of 
S. n. nigricollis were more similar to each other than to other populations for long call 
parameters (Figure 24a).  When the same analysis was run for alarm complex data, the GT 
group of S. n. nigricollis was more similar to S. m. mystax than to its conspecific group 
(Figure 24b).  Likewise, the QT group of S. n. nigricollis was more similar to S. f. lagonotus 
than to its conspecific group. 
 
 
  
  
 
CHAPTER IV 
 
DISCUSSION 
 
The long calls of Saguinus differed between populations from separate river 
compartments.  The long calls of S. mystax mystax included more long notes that were 
shorter in duration than other populations.  S. nigricollis nigricollis used more introductory 
notes, notes with longer durations, and had larger differences in frequencies within sections 
of long notes.  The two S. fuscicollis subspecies tended to have similar and/or intermediate 
values for call parameters.  Cluster analysis on individual averages indicated that the 
variation between species somewhat overlapped variation between individuals, but 
nevertheless, individuals were more or less grouped according to species.  When the two 
social groups from ACTS were included in the analysis, they were clustered together so that 
the S. n. nigricollis clade had the same relationship to other populations as it did in the 
analyses without social groups. 
The variation in alarm complexes of Saguinus populations indicated different 
relationships than did the long calls.  S. n. nigricollis and S. m. mystax were similar in most 
parameters, except that S. n. nigricollis used trills to begin alarm calls while S. m. mystax 
used chirps.  The S. fuscicollis lagonotus population had the lowest minimal frequency for 
each component, but nevertheless its alarm complexes were more similar to S. n. nigricollis 
and S. m. mystax than to conspecific S. fuscicollis nigrifrons.  S. f. nigrifrons was the only 
population to use warbles as the second component.  It also had the shortest call durations 
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and the highest maximal frequencies for whines and warbles.  Subsequently, the cluster 
analyses for species averages indicated that S. f. nigrifrons had the most divergent alarm 
calls of any population.  Even though clusters for individuals indicated overlap in the 
variation of individuals and species, the cluster for S. f. nigrifrons was the most consistent 
and divergent group relative to other populations.   
When the social groups of S. n. nigricollis at ACTS were included in the cluster analysis 
for species, the two social groups did not cluster together as expected.  The GT group was 
more similar to S. m. mystax and the QT group was more similar to S. f. lagonotus.  This 
result suggests that neighboring social groups might diverge in alarm calls.  It also suggests 
that any one social group underrepresents the variation within a population.  This is possibly 
a problem for the populations at Madre Selva, where one group per species was observed.  
At Ceiba Tops, observations included more than one group of S. f. lagonotus, although it was 
not possible to separate them consistently.  In the future, it will be important to record 
multiple groups from each population to represent accurately the variation within 
populations. 
This study, like that of Hodun et al. (1981), suggests that there are significant differences 
between populations of tamarins across rivers.  Furthermore, these differences appear both in 
long calls and alarm complexes of Saguinus species and subspecies.  However, these 
differences did not reflect the river barrier hypothesis.  This hypothesis proposes that rivers 
act as barriers to gene flow.  It predicts that populations across smaller barriers should be 
more similar to each other than to populations across larger barriers.  Thus, we would expect 
the populations separated by the narrower Río Napo, S. n. nigricollis and S. f. lagonotus, to 
have vocalizations more similar to each other than to the populations across the Amazon 
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(Figure 25a).   Evidence did not support this hypothesis.   Future studies could compare 
populations within as well as between river compartments separated by comparable 
distances. 
The differences between populations could be described by elements of both the 
phylogenetic and the congeneric-interaction hypotheses.   First according to the phylogenetic 
hypothesis, we would expect the relationships between populations to reflect phylogeny.  In 
this case, we might expect hierarchical cluster analyses to yield clusters that correspond to 
the molecular phylogeny proposed by Cropp et al. 1999 (Figure 25b). Cluster analysis 
indicated that the long calls of the two S. fuscicollis subspecies were more similar to each 
other than to other populations, as expected by phylogeny.  However, this analysis of long 
calls also placed these two subspecies in a monophyletic group with S. m. mystax instead of 
S. n. nigricollis, as predicted by molecular phylogeny.  The cluster analysis for alarm calls 
indicated that S. f. nigrifrons was the most divergent group, instead of most similar to S. f. 
lagonotus, so it appears that something other than phylogeny may be influencing the 
variation in vocalizations. 
The cluster analyses also provided partial support for the congeneric-interaction 
hypothesis, although not as predicted.  Long calls are thought to play a role in species 
identification (Hodun et al. 1981) and thus in coordination of conspecific group members 
(Windfelder 2001). Therefore, we might expect this signal to diverge between sympatric 
populations (Figure 25b).  The cluster analysis of long calls supported this prediction 
partially in that S. f. nigrifrons was not clustered with its sympatric congener S. m. mystax.  
However, an allopatric population (S. n. nigricollis), not a sympatric population, had the 
most divergent long calls.  This result could indicate either S. m. mystax long calls have 
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converged with S. f. nigrifrons or S. n. nigricollis long calls have diverged from other 
populations.  Either way, long calls of the sympatric populations of S. f. nigrifrons and S. m. 
mystax have remained distinct. 
The congeneric-interaction hypothesis also predicts that alarm calls should converge in 
sympatric populations (Marler 1955, 1957; Ficken & Pop 1996).  If tamarins follow this 
trend, then we might expect S. f. nigrifrons and S. m. mystax to have alarm complexes that 
converge in character (Figure 25c,d).  The results for clustering based on alarm complex 
parameters showed the opposite of the predicted relationship.  Instead of alarm calls 
converging in structure, the sympatric populations of S. f. nigrifrons and S. m. mystax 
diverged.  This evidence suggests that alarm calls might be more important for the 
coordination of conspecific groups than previously thought.  
This study thus has confirmed differences in Saguinus vocalizations both within river 
compartments and across rivers in Amazonia.  Greater understanding of the nature of this 
variation will come from studies that include more populations within and across river 
boundaries. 
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FIGURES 
 
 
 
 
 
 
Figure 1.  Distribution of the subspecies of Saguinus fuscicollis in Amazonia.  River 
boundaries between species and subspecies boldly defined.  (Reproduced from Hershkovitz 
1968.) 
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Figure 2.  Molecular phylogeny of the Saguinus species included in this study.  This is a 
condensed phylogeny based on the 50% majority-rule bootstrap consensus of mtDNA 
sequence data from Cropp et al. 1999. 
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Figure 3.  Study sites representing three river compartments in northeastern Peru.  The 
Amazon Conservatory for Tropical Studies (ACTS) is in the range of Saguinus nigricollis 
nigricollis.  Ceiba Tops is in the range of S. fuscicollis lagonotus.  Madre Selva is in the 
range of sympatric populations of S. fuscicollis nigrifrons and S. mystax mystax. 
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Figure 4. Spectrogram of a Saguinus long call. Long calls consisted of several similar long 
notes that were often, but not always, introduced by shorter, more variable notes. Long notes 
included a constant frequency portion (CF) and frequency modulated portion (FM).  
 20 
 
 
 
 
 
 
Figure 5. Spectrogram of a Saguinus alarm complex.  Alarm complexes began with a chirp 
or a trill, which was followed by various sequences of whines and/or warbles.  Spectrogram 
includes an insect band at approximately 4kHz. 
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Figure 7.   Mean number of introductory and long notes within long calls of four populations 
of Saguinus: S. nigricollis nigricollis (Snn), S. fuscicollis lagonotus (Sfl), S. fuscicollis 
nigrifrons (Sfn), and S. mystax mystax (Smm).  Bars not connected by the same letter are 
significantly different (p < 0.01, Table 3). 
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Figure 8.  Mean duration of long calls given by four populations of Saguinus: S. nigricollis 
nigricollis (Snn), S. fuscicollis lagonotus (Sfl), S. fuscicollis nigrifrons (Sfn), and S. mystax 
mystax (Smm). Bars not connected by the same letter are significantly different (p < 0.05, 
Table 3). 
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Figure 9.  Mean pulse rate of long call notes given by four populations of Saguinus:  
S. nigricollis nigricollis (Snn), S. fuscicollis lagonotus (Sfl), S. fuscicollis nigrifrons (Sfn), 
and S. mystax mystax (Smm).  Bars not connected by the same letter are significantly 
different (p < 0.01, Table 3). 
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Figure 10. Mean duration for the constant frequency portion (CF), frequency-modulated 
portion (FM), and entire note of longs calls given by four populations of Saguinus:  
S. nigricollis nigricollis (Snn), S. fuscicollis lagonotus (Sfl), S. fuscicollis nigrifrons (Sfn), 
and S. mystax mystax (Smm).  Bars not connected by the same letter are significantly 
different (p < 0.01, Table 3). 
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Figure 11.  Mean frequencies for parameters of long calls given by four populations of 
Saguinus: S. nigricollis nigricollis (Snn), S. fuscicollis lagonotus (Sfl), S. fuscicollis 
nigrifrons (Sfn), and S. mystax mystax (Smm).  Bars not connected by the same letter are 
significantly different (p < 0.01, Table 3). 
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Figure 12.  Mean differences in frequency for parameters of long notes given by four 
populations of Saguinus: S. nigricollis nigricollis (Snn), S. fuscicollis lagonotus (Sfl),  
S. fuscicollis nigrifrons (Sfn), and S. mystax mystax (Smm).   See Table 2 for description of 
measures. Bars not connected by the same letter are significantly different (p < 0.01,  
Table 3). 
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Figure 13.  Examples of alarm complexes from four populations of Saguinus found in 
Amazonian Peru.  They represent a) trill whine by a Saguinus nigricollis nigricollis, b) trill 
whine warble by S. fuscicollis lagonotus, c) trill warble by S. fuscicollis nigrifrons, and d) 
chirp whine warble whine by S. mystax mystax. 
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Figure 14.  Mean number of call components in alarm complexes given by four populations 
of Saguinus: S. nigricollis nigricollis (Snn), S. fuscicollis lagonotus (Sfl), S. fuscicollis 
nigrifrons (Sfn), and S. mystax mystax (Smm). Bars not connected by the same letter are 
significantly different (p < 0.01, Table 4). 
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Figure 15.  Sequence of component for alarm complexes given by four populations of 
Saguinus: S. nigricollis nigricollis (Snn), S. fuscicollis lagonotus (Sfl), S. fuscicollis 
nigrifrons (Sfn), and S. mystax mystax (Smm).  Values are given for the mean proportion of 
first call components that were chirps (versus trills) and second call components that were 
whines (versus warbles).  Bars not connected by the same letter are significantly different  
(p < 0.01, Table 4). 
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Figure 16.  Mean duration of alarm complexes given by four populations of Saguinus:  
S. nigricollis nigricollis (Snn), S. fuscicollis lagonotus (Sfl), S. fuscicollis nigrifrons (Sfn), 
and S. mystax mystax (Smm). Bars not connected by the same letter are significantly 
different (p < 0.01, Table 4). 
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Figure 17. Mean duration for components of alarm complexes given by four populations of 
Saguinus: S. nigricollis nigricollis (Snn), S. fuscicollis lagonotus (Sfl), S. fuscicollis 
nigrifrons (Sfn), and S. mystax mystax (Smm).  There were no significant differences  
(p > 0.05, Table 4). 
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Figure 18.  Mean maximal frequency for call components of alarm complexes given by four 
populations of Saguinus: S. nigricollis nigricollis (Snn), S. fuscicollis lagonotus (Sfl),  
S. fuscicollis nigrifrons (Sfn), and S. mystax mystax (Smm).  Bars not connected by the same 
letter are significantly different (chirp/trill, p < 0.05; whine and warble, p < 0.01, Table 4) 
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Figure 19.  Mean minimal frequency for components of alarm complexes given by four 
populations of Saguinus: S. nigricollis nigricollis (Snn), S. fuscicollis lagonotus (Sfl),  
S. fuscicollis nigrifrons (Sfn), and S. mystax mystax (Smm). Bars not connected by the same 
letter are significantly different (p < 0.01, Table 4). 
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Figure 20. Mean number of call units within each call component of alarm complexes given 
by four populations of Saguinus: S. nigricollis nigricollis (Snn), S. fuscicollis lagonotus 
(Sfl), S. fuscicollis nigrifrons (Sfn), and S. mystax mystax (Smm). Bars not connected by the 
same letter are significantly different (p < 0.01, Table 4). 
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Figure 21.  Hierarchical clustering for individual means of ten parameters of long calls given 
by S. nigricollis nigricollis (Snn) in red, S. fuscicollis lagonotus (Sfl) in green, S. fuscicollis 
nigrifrons (Sfn) in orange, and S. mystax mystax (Smm) in blue.  Scree plot shows the 
fraction of variance explained by each cluster.  Distance calculated by Ward’s method on 
nonstandardized data.  
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Figure 22.  Hierarchical clustering for individual means of thirteen parameters of long calls 
given by S. nigricollis nigricollis (Snn) in red, S. fuscicollis lagonotus (Sfl) in blue, S. 
fuscicollis nigrifrons (Sfn) in orange, and S. mystax mystax (Smm) in green. Scree plot 
shows the fraction of variance explained by each cluster.  Distance calculated by Ward’s 
method on nonstandardized data.
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Figure 23.  Hierarchical clustering for species means for (a) 10 parameters of long calls, and 
(b) 13 parameters of alarm complexes given by S. nigricollis nigricollis (Snn), S. fuscicollis 
lagonotus (Sfl), S. fuscicollis nigrifrons (Sfn), and S. mystax mystax (Smm).  Distance 
calculated by Ward’s method on nonstandardized data. 
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Figure 24.  Hierarchical clustering for species means (including social groups at ACTS) for 
(a) 10 parameters of long calls, and (b) 13 parameters of alarm complexes given by S. 
nigricollis nigricollis (Snn), S. fuscicollis lagonotus (Sfl), S. fuscicollis nigrifrons (Sfn), and 
S. mystax mystax (Smm).   S. n. nigricollis is split into two social groups (GT and QT) based 
on territories.  Distance calculated by Ward’s method on nonstandardized data. 
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(a) river barriers (b) phylogeny and/or congeneric  
     interaction (divergence) 
  
  
(c) congeneric interaction  
     (convergence) 
(d) congeneric interaction 
      (convergence)  
 
Figure 25.  Predicted dendrograms for three hypotheses to explain similarities in 
vocalizations of four Amazonian populations of Saguinus: S. nigricollis nigricollis (Snn),  
S. fuscicollis lagonotus (Sfl), S. fuscicollis nigrifrons (Sfn), and S. mystax mystax (Smm).  
The river barrier hypothesis (a) predicts similarity between Sfl and Snn.  Phylogeny (b) 
predicts similarity between Sfl and Sfn, which should form a monophyletic clade with Snn. 
The congeneric-interaction hypothesis predicts convergence or divergence between 
sympatric populations of Sfn and Smm. If there is divergence (b), then sympatric 
populations of Sfn and Smm should be different.  If there is convergence, then either Sfn or 
Smm could converge (c) or just Smm could converge (d). 
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TABLES 
 
 
 
 
Table 1.  Sample sizes for analyses of vocalizations given by four Amazonian populations of 
Saguinus: S. nigricollis nigricollis (Snn), S. fuscicollis lagonotus (Sfl), S. fuscicollis 
nigrifrons (Sfn), S. mystax mystax (Smm). 
 
Long Call 
Species Calls Bouts 
Snn 18 10 
Sfl 13 7 
Sfn 11 7 
Smm 15 9 
Total 57 33 
   
   
Alarm Complex 
Species Calls Bouts 
Snn 45 15 
Sfl 39 13 
Sfn 30 10 
Smm 42 14 
Total 156 52 
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Table 2. Parameters measured for two categories of vocalizations given by four populations 
of Saguinus in Amazonian Peru.  Long call notes had a constant frequency portions (CF) and 
a frequency-modulated portion (FM) (Figure 2).  Alarm complexes consisted of a various 
sequences of chirps, trills, whines, and warbles (Figure 3). 
 
Long Call Alarm Complex 
   
Total Call Total Call 
Number of introductory notes Number of call components 
Number of long notes Type of call components 
Duration call* Sequence of call components 
Pulse rate of call Duration of call* 
   
Notes Call Components 
Duration of long note Number of chirp/trill notes 
Duration of CF portion Duration of chirp/trill 
Duration of FM portion Maximum frequency of chirp/trill 
Start frequency of CF portion Minimum frequency of chirp/trill** 
End frequency of CF portion* Number of whines 
Peak frequency of FM portion Duration of whine 
End frequency of FM portion Maximum frequency of whine** 
Differences in frequency over: Minimum frequency of whine 
CF: Start of CF –  End of CF Number of warbles 
FM1: End of CF –  End of FM* Duration of warble 
FM2: Peak of FM – End of FM* Maximum frequency of warble 
Start of Note: Start of final note – Minimum frequency of warble* 
Start of first note  
   
 
 log-transformed 
* one outlier removed 
** two outliers removed 
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Table 3.  ANOVA results for long call parameters from four Amazonian populations of 
Saguinus: S. nigricollis nigricollis (Snn), S. fuscicollis lagonotus (Sfl), S. fuscicollis 
nigrifrons (Sfn), S. mystax mystax (Smm).  See Table 2 for description of measurements. 
 
Parameter Species Mean SD df F value p value 
       
Snn 2.11 1.60 
Sfl 1.31 1.38 
Sfn 0.36 0.50 
Number of 
introductory notes 
Smm 0.53 0.92 
3, 32 5.81 < 0.01 
Snn 4.06 1.70 
Sfl 7.00 2.83 
Sfn 4.09 0.83 
Number of long 
notes 
Smm 18.93 5.34 
3, 37 82.8 < 0.01 
Snn 2.16 0.60 
Sfl 2.74 0.49 
Sfn 2.39 0.61 
Pulse rate of notes 
(notes/s) 
Smm 6.84 0.83 
3, 31 122.8 < 0.01 
Snn 2781.41 657.22 
Sfl 3123.92 1163.81 
Sfn 1938.18 553.98 
Duration of call (ms) 
Smm 2864.60 814.13 
3, 33 3.61 < 0.05 
Snn 428.88 87.43 
Sfl 243.48 49.15 
Sfn 323.54 64.37 
Duration of note 
(ms) 
Smm 124.28 13.61 
3, 33 53.3 < 0.01 
Snn 319.63 85.71 
Sfl 163.45 57.00 
Sfn 267.21 68.13 
Duration of CF 
portion (ms) 
Smm 49.38 11.16 
3, 34 53.1 < 0.01 
Snn 104.14 19.42 
Sfl 80.04 35.83 
Sfn 56.33 21.45 
Duration of FM 
portion (ms) 
Smm 41.57 6.85 
3, 30 19.2 < 0.01 
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Table 3. (cont.) 
 
Parameter Species Mean SD df F value p value 
       
Snn 7.55 0.78 
Sfl 8.56 0.83 
Sfn 8.96 1.33 
Start frequency of          
CF portion (kHz) 
Smm 7.90 0.35 
3, 31 6.72 < 0.01 
Snn 8.59 0.92 
Sfl 7.52 1.24 
Sfn 8.61 0.83 
End frequency of       
CF portion (kHz) 
Smm 8.24 0.28 
3, 30 3.36 < 0.05 
Snn 12.08 1.37 
Sfl 10.13 0.85 
Sfn 10.30 0.83 
Peak frequency of 
FM portion (kHz) 
Smm 9.83 0.25 
3, 30 12.7 < 0.01 
Snn 8.19 1.28 
Sfl 7.41 0.62 
Sfn 7.98 1.02 
End frequency of 
FM portion (kHz) 
Smm 8.10 0.52 
3, 30 1.41 > 0.05 
Snn 1.04 0.53 
Sfl -1.04 0.95 
Sfn -0.35 1.00 
Difference in 
frequency for CF 
(kHz) 
Smm 0.23 0.35 
3, 30 15.1 < 0.01 
Snn -0.24 0.53 
Sfl -0.12 0.91 
Sfn -0.62 0.28 
Difference in 
frequency for FM1 
(kHz) 
Smm -0.03 0.17 
3, 29 1.58 > 0.05 
Snn -3.69 0.68 
Sfl -2.72 0.87 
Sfn -2.32 0.43 
Difference in 
frequency for FM2 
(kHz) 
Smm -1.63 0.26 
3, 30 23.7 < 0.01 
Snn -0.05 0.98 
Sfl -0.22 0.56 
Sfn 0.44 0.82 
Difference in 
frequency for start of 
notes (kHz) 
Smm 1.50 0.47 
3, 35 15.3 < 0.01 
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Table 4.  ANOVA results for alarm complex parameters from four Amazonian populations 
of Saguinus: S. nigricollis nigricollis (Snn), S. fuscicollis lagonotus (Sfl), S. fuscicollis 
nigrifrons (Sfn), S. mystax mystax (Smm).  
 
Parameter Species Mean SD df F value p value 
       
Snn 2.24 0.47 
Sfl 2.72 0.50 
Sfn 2.17 0.53 
Number of call 
components 
Smm 2.90 0.89 
3, 48 8.52 < 0.01 
Snn 0.29 1.00 
Sfl 0.72 1.00 
Sfn 0.53 0.23 
Proportion of calls with 
chirp as 1st component 
Smm 1.00 1.00 
3, 48 13.5 < 0.01 
Snn 0.35 1.00 
Sfl 0.38 1.00 
Sfn 0.39 0.23 
Proportion of calls with 
whine as 2nd component 
Smm 0 1.00 
3, 48 74.8 < 0.01 
Snn 1036.55 476.58 
Sfl 1082.90 583.16 
Sfn 567.37 440.45 
Duration of call (ms) 
Smm 1058.50 442.18 
3, 48 5.27 < 0.01 
Snn 348.67 321.60 
Sfl 291.08 332.01 
Sfn 164.27 227.81 
Duration of chirp/trill 
(ms) 
Smm 259.52 290.54 
3, 48 2.78 > 0.05 
Snn 564.60 377.34 
Sfl 424.69 423.78 
Sfn 342.91 147.27 
Duration of whine (ms) 
Smm 399.88 387.74 
3, 51 2.69 > 0.05 
Snn 227.18 126.19 
Sfl 258.07 159.76 
Sfn 296.88 146.16 
Duration of warble (ms) 
Smm 198.91 102.42 
3, 44 1.02 > 0.05 
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Table 4. (cont.) 
 
Parameter Species Mean SD df F value p value 
       
Snn 8.98 1.35 
Sfl 9.73 1.02 
Sfn 9.45 1.27 
Maximum frequency of 
chirp/trill (kHz) 
Smm 9.89 0.79 
3, 48 2.78 < 0.01 
Snn 4.58 0.96 
Sfl 5.30 2.62 
Sfn 6.83 1.76 
Maximum frequency of 
whine (kHz) 
Smm 4.57 0.57 
3, 54 6.74 < 0.05 
Snn 3.29 0.72 
Sfl 2.46 1.36 
Sfn 5.20 0.97 
Maximum frequency of 
warble (kHz) 
Smm 3.85 0.70 
3, 46 55.6 < 0.01 
Snn 5.44 0.92 
Sfl 4.21 1.72 
Sfn 5.93 1.23 
Minimum frequency of 
chirp/trill (kHz) 
Smm 6.01 0.74 
3, 49 15.6 > 0.05 
Snn 3.06 1.10 
Sfl 2.29 1.77 
Sfn 3.60 0.79 
Minimum frequency of 
whine (kHz) 
Smm 3.48 0.64 
3, 55 15.9 < 0.01 
Snn 2.14 0.63 
Sfl 1.28 0.68 
Sfn 2.67 0.78 
Minimum frequency of 
warble (kHz) 
Smm 2.31 0.75 
3, 43 13.6 > 0.05 
Snn 3.20 1.78 
Sfl 1.97 1.04 
Sfn 2.10 1.70 
Number of chirps/trills 
Smm 1.71 1.07 
3, 48 4.33 < 0.01 
Snn 1.00 0 
Sfl 1.00 0.27 
Sfn 0.37 0.63 
Number of whines 
Smm 1.36 0.49 
3, 48 34.8 < 0.01 
Snn 0.62 1.23 
Sfl 2.05 1.97 
Sfn 5.63 4.51 
Number of warbles 
Smm 1.48 1.54 
3, 48 15.4 < 0.01 
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